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(57) Abstract 

Microdlalysis device (10), comprising at least a piobe (1) provided widi an Inlet (2) and an outlet (3) for bringing a perfusion fluid 
into contact with a bodily fluid in a pait of a living organism and causing constituents from this fluid to be taken up \3fy tiiis perfusion fluid, 
whereby the perfusion fluid is enriched to dialysate, wherein the oudet (3) is integrally received in a silicon ctiip (S) and debouches in a 
first fluid channel (6) formed in this silicon ship (S) and wherein further at least one analysts means, for Instance an ISFET (17, 18). for 
analysing constituents of the bodily fluid taken up by the perfusion fluid is integrally received in the silicon chip (5) in a manner such that 
dialysate flowing from die oudet (3) comes into contact with said analysis means in the first fluid channel (6), and wherein tlie silicon chip 
(5) is further optionally provided with pumping means (SO) or dosing means. 



wo 99/41606 



PCT/NL99/00057 



MICRODXALYSIS-PROBE INTEGRATED WITH A SI-CHIP 

The invention relates to a microdialysis device 
comprising at least a probe provided with an inlet and an 
outlet for bringing a perfusion fluid into contact with a 
bodily fluid in a part of a living organism and causing 
5 constituents from this fluid to be taken up by this perfusion 
fluid, whereby the perfusion fluid is enriched to dialysate- 

Such a device is known from the American patent no. 
5.640.954. The device known from this patent relates to a 
method and a device for continuously monitoring the 

10 concentration of a metabolite, such as a glucose or lactic 
acid, in biological tissue, in which a perfusion fluid is 
guided to a microdialysis probe implanted in the subcutaneous 
tissue and is discharged therefrom as dialysate after 
enrichment with the metabolites from the tissue fluid. 

15 According to the described method an enzyme is added to the 
dialysate, and the concentration of the metabolite in the 
dialysate is determined under the selective effect of the 
enzyme at a measuring point ex vivo, making use of an 
electrochemical sensor . 

20 It is a drawback of the known microdialysis device that 

for analysis of the constituents taken up in the perfusion 
fluid, although performed on-line, use is made of relatively 
voluminous conventional analytical equipment which limits the 
clinical application of the microdialysis technicjue. This 

25 analysis equipment must be connected using tubes and adaptors 
to the microdialysis probe, the flow rate of which is 
exceptionally small (in the order of magnitude of microlitres 
per minute) . The resulting dead volume in combination with 
the extremely small samples for analysis represents a 

30 problem. It is further a drawback of the known device that 

connecting of the separate components thereof using hoses and 
coupling pieces does not preclude the possibility of errors 
being made by an operator. It is a further drawback that the 
known device is in principle suitable for performing cui 
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analysis of only a determined constituent, because the 
addition of enzyme makes the dialysate unsuitable for 
analysis of other constituents. 

It is an object of the invention to provide a 
5 microdialysis device with which extremely small quantities of 
dialysate can be analysed in reliaU^le manner with a 
negligible waiting time, wherein a plurality of constituents 
can be determined and wherein the possibility of an operator 
making errors is virtually precluded. 

10 According to the invention a microdialysis device of the 

type stated in the preamble is proposed for this purpose, 
wherein the outlet of the probe is integrally received in a 
silicon chip and debouches in a first fluid channel formed in 
this silicon chip. 

15 Such a device for microdialysis not only provides the 

advantage that the dead volume is significantly smaller thaux 
in a device according to the prior art, but also provides the 
possibility of integral arrangement in the silicon chip or in 
the housing thereof of vulnerable junctions in the fluid 

20 conduits to and from the probe. 

In an advantageous embodiment of a microdialysis device 
according to the invention, which further comprises analysis 
means for analysing constituents of the bodily fluid taken up 
by the perfusion fluid, at least one analysis means is 

25 integrally received in the silicon chip in a manner such that 
dialysate flowing from the outlet comes into contact with 
this cuialysis means in the first fluid channel. 

In one embodiment the at least one analysis means 
comprises a sensor, for instance an ion- sensitive field 

30 effect transistor (ISFET) . 

In a further embodiment the at least one analysis means 
comprises a fluid reservoir in the silicon chip, via which 
reservoir constituents from the dialysate come into contact 
with a sensor received in this reservoir, or which reservoir 

35 for instcuice contains a calibration fluid with constituents 
for adding to the dialysate in the first fluid channel. 
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The presence of particular substances in the dialysate 
and, in combination with a fluid reservoir containing a 
calibration substance, also the concentration of these 
determined substances is determined using a sensor. 
5 The fluid reservoir is for instcuice separated by a semi- 

permeable membrane from the first fluid channel, or for 
instance contains a gelled fluid, wherein the first fluid 
channel comprises a cavity formed in the gelled fluid. 

In another embodiment the at least one analysis means 

10 conqprises a fluid reservoir which is provided with a layered 
structure of a precious metal and a salt derived from that 
precious metal and which contains an electrolytic solution. A 
reference electrode integrated into the silicon chip is thus 
provided which can for instance be used as counter electrode 

15 of a sensor for a potentiometric measurement, for instance a 
pH measurement, of dialysate flowing through the fluid 
channel. 

In yet another embodiment the silicon chip is provided 
with pumping means for pumping the perfusion fluid 

20 respectively the dialysate. 

In an advamtageous embodiment the pumping means are 
adapted for intermittent pumping of the perfusion fluid 
respectively the dialysate. 

Intermittent pumping provides the option of holding the 

25 perfusion fluid in a probe introduced into a part of an 
organism at the same location for some time, until in an 
equilibrium situation constituents from the bodily fluid are 
taken up in the perfusion fluid, for instance by diffusion 
through a semi -permeable part of the probe at that location. 

30 The thus formed dialysate can subsequently be punned to a 
sensor present in the silicon chip, where the dialysate can 
be kept in contact with this sensor for a chosen, 
sufficiently long period. This offers the advantage that 
sensors become available which would be unsuitable in the 

35 case of a measurement with non- intermittent pvmiping means due 
to these sensors having too long a response time. 
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The pumping meems for instamce comprise at least one 
closed reservoir which is filled with a reversibly expandable 
medium and is provided with an actuator for this medium, 
which reservoir is provided on one side with a movable wall 
5 part. When this movable wall part also forms part of a 
conduit for perfusion fluid or dialysate, the moving wall 
part, optionally in combination with suitably chosen and 
placed valves in this conduit, can be utilized for pumping 
the relevant fluid through this conduit. 

10 The expandable medium expands in a physical or physical- 

chemical process, preferably in reversible manner, for 
instance as a fimction of the temperature. 

In an advantageous embodiment the expandable medixim 
expands as a function of the pH, wherein the reservoir is 

15 provided with electrodes. Using these electrodes the pH of 
the expandable medium is changed in coulometric manner. 

In a subsequent embodiment the silicon chip is provided 
with dosing means for dosing an additive in the perfusion 
fluid respectively the dialysate. 

20 These dosing means for instsmce comprise at least a 

second fluid chcuuiel which is provided at a first, closed 
outer end with electrodes and which debouches with a second, 
open outer end in a fluid chsmnel. 

Using the dosing means small qusmtities of fluid (for 

25 instance calibration fluid or reagents) can be dosed in 
accurate manner in very small quantities (in the order of 
nanolitres) into the first fluid channel in the silicon chip. 

It is otherwise noted that the application of pumping 
means or dosing means according to the invention is not 

30 limited to systems for microdialysis . The dosing means are 
for instance particularly suitable for subcutaneous 
administration with a syringe of medication such as 
paizikillers. 

In an advantageous embodiment the inlet of the probe is 
35 also integrally received in the silicon chip. 

In a preferred embodiment of a microdialysis device 
according to the invention, wherein the probe comprises two 
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substantially concentric txibes, of which an inner tube 
comprises a portion protruding from a distal end of the outer 
tube, which portion is enclosed by a semi -permeable membrane 
connecting to the outer tube, wherein between the inner and 
5 the outer tube a through-flow channel is present, the silicon 
chip is provided with a first hole which extends in 
longitudinal direction and is formed successively by a first 
segment, a transition segment, a second segment and a third 
segment, wherein the inner periphery of the first segment 

10 corresponds with the outer periphery of said outer tube and 
the inner periphery of the second segment corresponds with 
the outer periphery of said inner tube, a second hole 
debouching in the transition segment and extending in 
substantially transverse direction and a third hole 

15 debouching in the third segment, wherein the outer txibe is 
received with a proximal end portion in the first segment, 
and a portion of the inner tube protruding from the proximal 
end of the outer tube is received in the second segment in a 
manner such that the first hole is in communication with the 

20 through- flow channel between the inner and outer tube and the 
third hole is in communication with the interior of the inner 
tube. 

The invention will now be further elucidated hereinbelow 
on the basis of embodiments with reference to the annexed 
25 drawings . 

Pig. 1 is a schematic view in perspective of a first 
embodiment of a microdialysis device according to the 
invention. 

Fig. 2, Fig. 3 and Fig. 4 show a cross -section through 
30 details of the device of Fig. 1, 

Fig. 5 is a graphic representation of a measuring result 
obtained with a device as according to Fig. 1, 

Fig. 6 shows a schematic view of a cut-away second 
embodiment of a microdialysis device according to the 
3 5 invent ion , and 

Fig. 7 is a schematic view in perspective of a dosing 
system for a microdialysis device. 
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Corresponding components are designated in the drawings 
with the same reference numerals. 

Pig. 1 shows an integrated microdialysis measuring system 
10 according to the invention, in which a probe 1 is 
5 integrally received in a silicon chip 5 which is covered by a 
cover 12. Probe 1 consists of a U-shaped tube 4 of semi- 
permeable membrane which is introduced into the tissue of a 
body for examining and, in the line of the legs of U-shaped 
tube 4, inlet and outlet portions 2, 3 respectively which are 

10 integrally received in silicon chip 5. The U-shaped tube 4 is 
for instance a tube with a diameter of about 100 /xm and a 
wall thickness of about 10 /xm mcuiuf actured from a cellulose- 
acetate or a polycarbonate. The arrows on the right of the 
figure indicate the flow direction of the perfusion fluid 

15 respectively the dialysate through probe 1, the arrows on the 
left of the figure represent the take-up in the perfusion 
fluid of constituents from the tissue fluid. A (schematically 
shown) pun^ 50 for pumping the perfusion fluid in the 
indicated flow direction is integrally received in silicon 

20 chip 5 in front of the inlet 2 of the U-shaped tube 4. Outlet 
3 of U-shaped tube 4 continues on as fluid channel 6 through 
silicon chip 5 and successively passes two reservoirs 7, 8, a 
reference electrode 9 and a sensor 11. 

Pig. 2 shows a cross-section through silicon chip 5 of 

25 Fig. 1 along the line II-II. This shows how reservoir 7 is 
formed by a cavity in silicon chip 5 which is coated with a 
layer 13 of silicon oxide (SiOz) or a sandwich of silicon 
oxide and silicon nitride (SiOa/SiaN) and is filled with a 
gel 14 containing a known concentration of a substance for 

30 amalysis, which gel 14 is in contact via the semi-permeaQDle 
membrane of fluid channel 6 with the dialysate guided through 
the measuring system. 

Fig. 3 shows a cross-section along line III-III of Pig. 1 
through reference electrode 9. This latter consists of a 

35 cavity in silicon chip 5 which is coated with a silver/silver 
chloride layer 15 (Ag/AgCl) and which is filled with a 
solution 16 of potassium chloride (KCl) , which solution is in 
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via the serai -permeable membrane of fluid channel 6 with the 
dialysate flowing through silicon chip 5. By filling cavity 
16 not with KCl but with for instance a solution with a 
suitably chosen so-called ion-exchanger or an ionophore (a 
5 substance which can very specifically bind molecules or ions) 
or with a carrier material such as polyvinyl chloride or a 
silicon rubber enriched with an ion-exchanger or an 
ionophore, an ion-specific electrode 9 is obtained. 

Fig* 4 is a cross-section through sensor 11 of Fig. 1 

10 along line IV- IV. Sensor 11 consists of a cavity 44 in the 
silicon chip 5 which is coated with a layer 13 of silicon 
oxide (SiOa) , through which cavity 44 runs the fluid channel 
6. Formed in the bottom of cavity 44 are the source and drain 
17, 18 respectively of an ion-sensitive field effect 

15 transistor (ISFET) which are in via a fluid in cavity 44 and 
the semi -permeable membrane of fluid channel 6 with the 
dialysate in fluid channel 6. The sensitivity of the ISFET 
can be influenced by the choice of the fluid in cavity 44. In 
alternative embodiments of sensor 11 the semi -permeable wall 

20 of fluid channel 6 is absent at the location of cavity 44 suid 
the ISFET is in direct contact with the dialysate in fluid 
channel G, or cavity 44 is filled with a gel, wherein the 
fluid channel for the dialysate is formed by a cavity 6 in 
this gel. 

25 When reservoirs 7 and 8 of measuring system 10 are filled 

for instance with a lactic acid solution of differing 
concentration and sensor 11 is suitably chosen, an on-line 
measuring system is available for the lactic acid 
concentration in the tissue fluid. For a determination the U- 

30 shaped portion 4 of probe 1 is inserted into the relevant 

tissue respectively bodily fluid and the probe is conpletely 
filled with perfusion fluid, which in a stationary situation 
then takes up lactic acid molecules via the semi -permeable 
membrane from respectively the tissue fluid, the calibration 

35 fluid in reservoir 7 and the calibration fluid in reservoir 
8. After a time the thus formed dialysate is subsequently 
driven along in the direction of the arrows on the right of 
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the figure using pumping means (not shown) and a 
concentration- dependent signal is generated by sensor 11 as a 
function of the time. 

Fig. 5 shows the signal of sensor 11 in the above 
5 exanqple, wherein the right-hand block represents the signal 
which is proportional to the known concentration in the fluid 
in reservoir 8, the middle block represents the signal 
proportional to the known concentration in the fluid in 
reservoir 7 and the left-hand block represents the signal 

10 proportional to the unknown concentration in the tissue 

fluid. The value of the concentration of the tissue fluid can 
be determined in simple manner by interpolation from the two 
known concentrations. 

Fig. 6 shows an eaqploded view of a measuring system 20 

15 with a silicon chip 5 in which a hole is formed in 

longitudinal direction using micromachining techniques 
(anisotropic or isotropic etching of silicon) , which hole 
consists successively of a first segment 24, a transition 
segment 25, a second segment 26 and a third segment 27. In 

20 addition, a second hole 28 is formed which debouches in 

transition segment 25 and a third hole 29 which debouches in 
third segment 27. In the hexagonal first segment 24 thus 
formed by anisotropic etching an outer tube 22 of a probe is 
placed up to the transition portion 25 and an ixmer tube 21 

25 is placed in second segment 26 through outer tube 22, wherein 
the proximal end of inner tube 21 debouches in the third 
segment 27 of the chsmnel in a manner such that between inner 
tube 21 and outer tube 22 a through-flow channel 43 is 
created which communicates with the transverse hole 28 in 

30 transition segment 25, and inner tube 21 communicates at its 
proximal end with third hole 29 via third segment 27. On the 
distal end of outer tube 22 a semi -permeable membrane 23 is 
fozmed round the portion of inner tube 21 protruding from the 
distal end of outer tube 22, which semi -permeable membrsme 23 

35 is closed on the distal end. The structure is made liquid- 
tight using a suitable adhesive which is introduced via 
adhesive holes 31 in cover 12. The distal end of the 
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integrated microdialysis probe 20 with the semi -permeable 
membrane 23 is insesrted into the tissue for examining, 
whereafter perfusion fluid is introduced via transverse hole 
28, transition segment 25 and through-flow channel 43 
5 (represented by the light arrows) , whereafter in the tissue 
take-up of constituents from the tissue fluid into the 
perfusion fluid takes place through semi -permeable membrcoie 
23, whereafter the fluid enriched to dialysate is 
sxibsequently discharged via inner tube 21, third segment 27 

10 and third hole 29. The third segment 27 functions as fluid 
channel in which according to the invention analysis means 
(which are not shown but are formed for instance in sensor 
surface 42) are integrally received. In the shown integrated 
probe 20 all critical connection points are accommodated 

15 within the silicon chip, so that the probe is less vulnerable 
thcux the probes of the prior art and can moreover be used in 
very single maimer. In addition, the dead volume in this 
probe has been reduced by about 90% relative to the dead 
volume in known probes* 

20 Fig* 7 shows a dosing system 30 integrated into a silicon 

chip 5 for adding two fluids to a dialysate flowing through a 
channel 6 as according to the arrows on the left and right in 
the figure. The dosing system comprises two meandering 
channels 32, 33 which are filled with the fluids for dosing 

25 and which are each provided on a first, closed outer end with 
electrodes 34, 35 and which debouch with a second, open outer 
end 41 in fluid channel 6. The fluids are pressed out of 
channels 32, 33 by gas bubbles 38, 39 which originate at 
electrodes 34, 35 when a current is passed through these 

30 electrodes via terminals 36 using a power source 37. 
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CLAXMS 

1. Microdialysis device (10, 20), compriaing at least a 
probe (1) provided with an inlet (2) and an outlet (3) for 
bringing a perfusion fluid into contact with a bodily fluid 
in a part of a living organism and causing constituents from 
5 this fluid to be taken up by this perfusion fluid, whereby 
the perfusion fluid is enriched to dialysate, characterized 
in ph&t, the outlet (3) of the probe (1) is integrally 
received in a silicon chip (5) and debouches in a first fluid 
channel (6) formed in this silicon chip (5) . 

10 2, Microdialysis device as claimed in claim l, further 

comprising analysis means (7, 8, 9, 11) for analysing 
constituents of the bodily fluid taken up by the perfusion 
fluid, characterized in that at least one analysis means is 
integrally received in the silicon chip (5) in a manner such 

15 that dialysate flowing from the outlet (3) comes into contact 
with said analysis means in the first fluid channel (6) . 

3. Microdialysis device as claimed in claim 2, 
characteri zed in that the at least one analysis means 
comprises a sensor (11) • 

20 4. Microdialysis device as claimed in claim 3, 

characterized in that the sensor (11) comprises an ion- 
sensitive field effect transistor (ISFET) (17, 18) . 

5. Microdialysis device as claimed in claim 2, 
characterized in that the at least one analysis means 

25 comprises a fluid reservoir (7, 8, 9) . 

6. Microdialysis device as claimed in claim 5, 
characterized in that the fluid reservoir (7, 8, 9) is 
separated from the first fluid channel (6) by a semi- 
permeable membrane. 

30 7. Microdialysis device as claimed in claim 5, 

characteri zed in that, that the fluid reservoir (7, 8, 9) 
contains a gelled fluid and the first fluid channel (6) 
comprises a cavity formed in this gelled fluid. 
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8. Microdialysis device as claimed in any of the claims 
5-7, characterized in that the fluid reservoir (9) is 
provided with a layered structure (15) of a precious metal 
and contains a salt derived from this precious metal and a 

5 electrolytic fluid (16) < 

9. Microdialysis device as claimed in claim 8, 
characterized in that the electrolytic fluid (16) comprises 
an ion exchanger. 

10. Microdialysis device as claimed in claim 8, 

10 characterized in that the electrolytic fluid (16) comprises 
an ionophore. 

11. Microdialysis device as claimed in any of the 
foregoing claims, characterized in that the silicon chip (5) 
is provided with pumping means (50) for pumping the perfusion 

15 fluid respectively the dialysate. 

12. Microdialysis device as claimed in claim 11, 
characterized in that the pumping means (50) are adapted for 
intermittent pumping of the perfusion fluid respectively the 
dialysate . 

20 13. Microdialysis device as claimed in claim 11 or 12, 

characterized in that the pumping means (50) comprise at 
least one closed reservoir which is filled with a reversibly 
expandable medium and is provided with an actuator for the 
expansion of this medium, which reservoir is closed on one 

25 side by a movable wall part. 

14. Microdialysis device as claimed in claim 13, 
qhay^ctfiyA?;^d in that the expandable medium expands as a 
function of the pH and the reservoir is provided with 
electrodes . 

30 15. Microdialysis device a^ claimed in any of the 

foregoing claims, characterized in that the silicon chip (5) 
is provided with dosing means (30) for dosing an additive 
into the perfusion fluid respectively the dialysate* 
16. Microdialysis device as claimed in claim 15, 

35 characteri zed in that, that the dosing means (30) coit^rise at 
least a second fluid channel (32, 33) which is provided on a 
first, closed outer end with electrodes (34, 35) and which 
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debouches with a second, open outer end (41) in the first 
fluid channel (6) . 

17. Microdialysis device as claimed in any of the 
foregoing claims, characteyiaed XU that the inlet (2) of the 

5 probe (1) is integrally received in the silicon chip (5) . 

18. Microdialysis device (20) as claimed in any of the 
foregoing claims, wherein the probe comprises two 
substantially concentric tubes, of which an inner tvibe (21) 
comprises a portion protruding from a distal end of the outer 

10 tube (22) , which portion is enclosed by a semi -permeable 

membrane (23) connecting to the outer tube, wherein between 
the inner (21) and the outer t\ibe (22) a through-flow channel 
(43) is present, qhayaCtQyis^d in that the silicon chip (5) 
is provided with 

15 a first hole which extends in longitudinal direction and 

is formed successively by a first segment (24) , a transition 
segment (25) , a second segment (26) and a third segment (27) , 
wherein the inner periphery of the first segment (24) 
corresponds with the outer periphery of said outer tube (22) 

20 and the inner periphery of the second segment (26) 

corresponds with the outer periphery of said inner tube (21) , 

a second hole (28) debouching in the transition segment 
(25) and extending substantially in transverse direction, and 
a third hole (29) debouching in the third segment (27) , 

25 wherein 

the outer tube (22) is received with a proximal end 
portion in the first segment (24), and 

a portion of the inner txibe (21) protruding from the 
proximal end of the outer tube (22) is received in the second 
30 segment (26) , 

in a maziner such that the second hole (28) is in 
communication with the through-flow channel (43) between the 
inner (21) and outer (22) tube and the third hole (29) is in 
communication with the interior of the inner tube (21) . 



wo 99/41606 



1 / 3 



PCT/NL99/00057 




wo 99/41606 



27 3 



PCT/NL99/00057 




wo 99/41606 



3 / 3 



PCT/NL99/00057 




FIG. 7 



INTERNATIONAL SEARCH REPORT 



PCT/NL 99/00057 



A. CU^SSIFICATIOM OF SWaieCT MATTER 

IPC 6 G01N337487 A61B5/00 



Acoofding to imemaHonal Patent CUwBlcaiton (IPC) or to bom national daBsBioalten and IPC 



B. FIELDS SEARCHED 



Minimum documentation saaictMd (clasatffcxdtonflyatamtotkmadbydassfficatlons/rrMb^ 
IPC 6 601N 

Ooaanentatkm searched ottier than niWn«midocun»rtatlon to trie e in the fields searched 

Etedranlc data base oonsuBed during the bitemattonal search (name of data base and. where practical, search torms used) 



{RELEVANT 



Colagory' 


citation otdocumaM,wlttilndiealion, «rtianapprapilaie,olllwnle»anlpaau(|es 


FMwaniioGlaimNa 


Y 
A 


WO 95 33504 A (THE REGENTS OF THE 
UNIVERSITY OF CALIFORNIA) 14 December 1995 
see page 5, line 14 - page 19, line 35; 
figures 


1-5,17 
6-16,18 


Y 


US 5 640 954 A (PFEIFFER ET AL.) 
24 June 1997 

Cited In the application 

see column 2, line 21 - column 7, line 30; 

figures 1-3 


1-5.17 


Y 


US 4 478 222 A (KONING ET AL.) 

23 October 1984 

see the whole document 


4 


A 


US 4 763 658 A (JONES JEFFREY S) 

16 August 1988 

see the whole document 

~ -/- 


1-18 



Further documents are Osted in the oontfhuatlonof boxC. 



|)(^ Patent family membeis are Ostadii 



* Special categories of dtad documents : 

"A* document defining the general state ot me artwhichisnot 

considered to be of paiticutar relevanoe 
"E" earlier document but publshed on or after the imamattonat 

fiUngdata 

T* document ¥»hich may throw doubts on prtocfly cJaim(8)or 
which is cued to establish the pUbUcaUon date of another 
citation or other special reason (as speoWed) 

"O" document referring to an oral dteclosure.u6aw exWWttonor 
other means 

T* document pUtHshed prior to the MemaUonal IBIngdatobul 
later than the pdority dato claimed 



T later document piiilished after the international f iling date 
or priority dato and not in conflict wim the application but 
dted to understand the principle or theoiy underiyhigthe 
invention 

"X* document of particular retevance: the dalmsd Insertion 
cannot be eonaidared novel or cannot be considered to 
Involve an inventive step when the documsnt is talcenalone 

"Y* docutnent of partlcutar relevance; the claimed Invention 
cannot be considered to Involve an inventive stepwhenthe 
document is combined wSh one or more other suchdoeti- 
ments,suohoont>ination being obvious to a pereonsklQed 
in the aft 

"ft" document member of the same patent family 



Dato of the actual completion of the Intamallonal aeareh 

29 April 1999 


Date of mallng of the mtomattonal seareh report 

07/05/1999 


Name and mailing address of the ISA 

European Patent Office^ P.B. 5616 Patentlaan 2 
NL-2260HVRii3WiMc 
Tel. (+31-70) 34<K204a Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 


AuthortBsd dfloer 

Bosnia, R 



FMm PCr/eM9iO (Moend shMQ (JUy 1882) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Int- (anal Appllc«tlon No 

PCT/NL 99/00057 



C^Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Catagofy * 



Citation of document, with indicatioawhere appropriate, ot the retevant pasaagas 



Relevant to dalm No. 



us 5 607 390 A (PATSALOS PHILIP N 

4 March 1997 

see the whole document 



ET AL) 



EP 0 668 500 A (ROSSENDORF FORSCHZENT) 

23 August 1995 

see the whole document 

US 5 441 481 A (MISHRA PRAVIN ET AL) 

15 August 1995 

see the whole document 



1-18 



1-18 



1-18 



FMm PCnSAai«(eenliniiMlan 01 MMM ihMl) (My ia«) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family inembero 



PCT/NL 99/00057 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




nieinber(s) 


date 


UO 9533504 


A 


14-12-1995 


US 


5591139 A 


07-01-199/ 






AU 


2907295 A 


04-01-1996 








US 


5855801 A 


05-01-1999 




A 


24-06-1997 


DE 


4401400 A 


20-07-1995 






EP 


0664989 A 


02-08-1995 


US 4478222 


A 


23-10-1984 


NL 


8001420 A 


01-10-1981 






CA 


1155316 A 


18-10-1983 








CA 


1173109 A 


21-08-1984 








EP 


0036171 A 


23-09-1981 








US 


4534825 A 


13-08-1985 



US 4763658 


A 


16-08- 


-1988 


US 


4726381 A 


23-02-1988 








AU 


7376387 A 


10-12-1987 










EP 


0248670 A 


09-12-1987 










US 


4774955 A 


04-10-1988 










US 


4765339 A 


23-08-1988 


US 5607390 


A 


04-03- 


•1997 


AU 


5656594 A 


04-07-1994 








DE 


69323563 D 


25-03-1999 










EP 


0675695 A 


11-10-1995 










UO 


9413195 A 


23-06-1994 


EP 0668500 


A 


23-08- 


-1995 


DE 


4405004 A 


24-08-1995 


US 5441481 


A 


15-08- 


-1995 


AU 


2654995 A 


21-12-1995 








CA 


2191303 A 


07-12-1995 










UO 


9532746 A 


07-12-1995 



Fomi PCT/ISAaiO <patant laii«y anrwx) (July 1M2) 



